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© Reaction system for dosed energy supply apparatus. 

© A dosed Rankine cycle steam engine which is used to 
propel underwater vehicles without exhausting combustion 
products to the surrounding water. A solid metallic fuel (14) 
comprising lithium and aluminium reacts in the first cham- 
ber (12) with water to produce hydrogen which is subse- 
quently reacted in e second chamber (16) with oxygen to 
produce superheated steam. Heat produced In the first 


chamber (12) is used to raise steam in a heat exchanger (30) 
which is used to quench partially the superheated steam 
before this is used to drive a turbine (20). The amount of 
water produced in the second chamber (16) is equal to the 
amount of water consumed in the first chamber (12) 
Consequently, no excess water la produced. 
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REACTION SYSTEM FOR CLOSED 
ENERGY SUPPLY APPARATUS. 

The present invention relates to a reaction 
system for a closed energy supply apparatus such as 
a steam engine, particularly an internal combustion, 
closed Rankine cycle, steam engine which might be 
used to propel underwater vehicles. 

5. Underwater warfare has advanced to the point 

where it is highly desirable to minimise noise and 
exhaust from underwater vehicles, such as torpedoes 
and the like, so that they will not be detected by 
sophisticated antisubmarine weapons. It is an object 

10 • of the present invention to provide a reaction system 
for use in an engine which can be used with torpedoes, 
mines, mine laying vehicles and the like that will 
propel these vehicles with a minimum of noise and 
no-texhaust trail so that they cannot be easily detected 

15. It is a further object of this invention 

to provide such an engine with high specific power 
to weight and power to volume ratios. These are highly 
desirable, particularly a high specific power to volume 
ratio, because then the underwater vehicle will have 

20. either a greater range or will travel to the target 
at a higher speed, depending upon the design of the 
vehicle. Also, if a torpedo has a relatively low 
volume, more may be stored in a submarine than torpedoes 
employing engines having lower specific power to volume 

25. 
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ratios. 

U.S. Patent No. 3,101, 592 discloses an Internal 
combustion, closed Rankine cycle steam engine which 
has high specific power to weight and power to volume 
ratios, but has the disadvantage of using fuels which 

5. at the completion of the combustion cycle yield an 
excess of water. This water must be either stored 
in the vehicle or exhausted, which would frustrate 
the objective of eliminating exhaust. 

It is therefore a further object of the present 

10. invention to provide an engine which does not produce 
an excess of water and which does not leave an exhaust 
trail. 

According to the present invention, there 
is provided a reaction system for a closed energy 

15. supply system in which a fuel is reacted in order 
to release energy, characterised in that the fuel 

is composed of substantially equal molar quantities 
of metallic lithium and metallic aluminium and is 
reacted with water to produce hydrogen and to liberate 

20. heat, the hydrogen then being reacted with oxygen 
to produce water in the form of steam in an amount 
equal to the water consumed in the reaction with 
the fuel. 

Thus, as will be appreciated, no water or 
25. steam is produced over and above that consumed and 
so no water or 'steam needs to be exhausted from the 
system. 

Preferably, the fuel is reacted with the 
water in a first chamber the hydrogen is reacted 
30. with the oxygen in a second chamber and steam 
produced by the reaction in the second chamber 
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is condensed and recycled t the first chamber. Pref r- 
ably, a portion of the condensed steam is reacted 
with the fuel in the first chamber and the remainder 
is heated by the heat of the reaction in the first 
chamber prior to being conveyed to the second chamber 

5. as steam . 

Preferably, the hydrogen and oxygen react 
in the second chamber to produce superheated steam 
which is partially quenched by the steam produced 
following heat exchange with the first chamber. Prefer- 

10. ably the steam from the second chamber is used to 
drive a mechanical power converter , prior to its 
condensation . 

In a preferred embodiment, the first chamber 
defines a fuel-holding cavity having an inlet with 

IS* water injection means, an outlet with a filter allowing 
free passage of hydrogen and heat exchange means for 
heat transfer from the fuel. There are preferably 
valve means for controlling the flow of fluids within 
the system. 

20. Preferably, the mechanical power converter 

is a steam turbine and the system as a whole constitutes 
a propulsion unit for an underwater vehicle. Since 
the steam is condensed and recycled, this eliminates 
any trail from the torpedo which could be detected, 

25. thereby substantially reducing the possibility of 
detection. 

According to to another aspect of the present 
invention, there is provided a method of propelling 
an underwater vehicle by means of a closed energy 
30. supply system in which fuel is reacted to release 

energy, characterised by the steps of reacting water 
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with a fuel composed essentially of equal molar quantities 
of metallic lithium and metallic alumimium to produce 
hydrogen and to liberate heat; using the hfeat produced to 
vaporise water to steam; reacting oxygen with the 
hydrogen produced to maintain combustion producing 

5. water as superheated steam in an amount equal to the 
water consumed in the reaction with the fuel; the 
steam produced from the reaction of the fuel to quench 
partially the superheated steam; driving a mechanical 
power converter to produce shaft power from the tempered 

10. steam and exhaust the spent steam; and condensing 
the spent steam to water which is recycled. 

According to another aspect of the present 
invention there is provided a Rankine engine including 
a turbine, a water source, an oxygen source, a fuel 

15. source, two reaction chambers, and a heat exchanger; 
the water reacting with the fuel in one chamber to 
produce hydrogen and heat, that hydrogen reacting 
with the oxygen in the other chamber to produce superheated 
steam, the heat from the first reaction being used 

20. to heat water in the heat exchanger to raise steam 
which quenches the superheated steam prior to the 
steam mixture driving the turbine, the steam mixture 
then being condensed and recycled to the fuel and 
heat exchanger. 

25 

The advantages of the present invention 
over known systems for propelling an underwater vehicle j 
may be summarised as follows:- 

1. There is no exhaust, thereby reducing 
the likelihood of detection through an exhaust trail, 

30. 

2. There is a more efficient transfer of 
heat produced by the reaction of water with the fuel. 
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3. The oxygen used to react with the hydrogen 
may be stored in either solid, liquid or gaseous form. 

4. The reactions are carried out in two 
separate reaction zones thus providing greater control 
of the reactions . 

5. '5. The working fluid (the steam) used to 

drive the turbine engine is constantly recycled , providing 
greater efficiency and ease of handling. 

6. Since solid metallic fuels are used, 
they are essentially immediately converted to the 

10. molten state thereby facilitating heat transfer to 
the steam or working fluid. 

7. The heat exchangers employed in the 
engine are substantially lighter weight because of 
the ability to control internal engine pressures. 

15. 8. The temperature of the inlet steam to 

the turbine can be as high as the turbine components 
will tolerate, thus, high turbine efficiency can be 
obtained, providing the desired high specific power 
to weight and power to volume ratios. 

20. The invention may be carried into practice 

in various ways and one embodiment will be now be 
described in which the single figure is a schematic 
illustration of an engine in accordance with the invention. 
The engine shown in the Figure is a steam 

25 • engine 10 in the form of an internal combustion engine 
employing a closed Rankine cycle. 

The engine comprises a first reaction chamber 
12 which holds a solid fuel 14, a second reaction 
chamber 16 where the hydrogen produced in the first 

30. reaction chamber is mixed with oxygen stored in a 
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high pressure vessel 18, a turbine 20, which has its 
drive shaft 22 attached to a propeller 24, a condenser 
26 which includes a chamber holding the water which 
is cycled by a pump 28 through a heat exchanger 30 
associated with the first reactor, and an injector 

5. 32 which injects water into the first reactor to react 
this water with the fuel 14 contained in the reactor. 

The reaction chamber 12 also includes, at 
its upper end, a filter 40 which will filter out any 
particles of fuel etc. which may clog downstream 

10. lines and equipment. The reaction chamber 12 is shown 
as holding the heat exchanger 30, and though . the 
heat exchanger 30 could be placed outside the chamber, 
this would not be the most efficient arrangement as 
will be appreciated. Because of the internal pressures 

15. of the system, the walls of the heat exchanger may 
be relatively thin, resulting in a more efficient 
transfer of heat, a less costly heat exchanger, and 
a more efficient and compact engine. 

The operation of the engine 10 is as follows. 

20. The solid fuel 14 is first converted to a molten state 
by the use of any suitable heat source, for example 
an aluminium potassium perchlorate (Al-KC10 4 ) flare 
mixture. The water contained within the condenser 
26 is fed by the pump 28 through a line 34 into the 
25. inlet end of the heat exchanger 30. There is a branch 

line 36, including a valve 38 which leads to the injector 
32 which, when the* valve is opened, injects water 
directly into the reaction chamber 12. This water, 
fed directly into the reaction chamber 12, reacts with 
30. the fuel 14 to produce hydrogen and heat. The fuel 14 
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employed will not produce m re hydrogen than the 

hydrogen associated with the water being reacted 

with the fuel. Thus, when the hydrogen prdduced 

in the chamber 12 reacts with the oxygen in chamber 16, 

the amount of water formed equals the amount fed 

into chamber 12. Thus, a material balance is maintained, 

avoiding the production of excess water. 

The water flowing through the heat exchanger 
30 is converted to steam by the heat produced in the 
reaction chamber 12. The hydrogen produced from 
the reaction of the water with the fuel leaves the 
reaction chamber through an outlet line 42 which 
includes a valve 44 for controlling the flow of this 
hydrogen into the inlet end of the second reaction 
chamber 16. This second reaction chamber is of the 
type commonly referred to as an Aphoid combustor. 
Oxygen stored in a suitable vessel 18 under pressure 
is fed through a valved line 46 into the second reaction 
chamber 16 simultaneously with the introduction of 
the hydrogen into this chamber. 

In addition to introducing hydrogen and 
oxygen into the chamber 16, the working fluid or 
steam coming from the outlet end of the heat exchanger ' 
30 is conveyed to the second reaction chamber and 
serves to act as a medium for controlling the temperautre 
produced in the second reaction chamber. In other 
words, the steam acts as a quench gas which can lower 
the temperature produced in the second reaction chamber. 

The hydrogen and oxygen will react to 
produce additional steam which, combined with the 
steam from the heat exchanger 30, flows out of the 
reaction chamber 16 as superheated steam and into 
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the inlet end of the turbine 20. Becaus the pressure 
within the second reaction chamber is approximately 
the same as the pressure in the first reaction chamber, 
the differential presure across the walls of the 
heat exchanger 30 is relatively low. This enables 

5. the heat exchanger to be made with thin walls. 

The superheated steam leaving the chamber 
16 is at an elevated pressure and temperature and 
it drives the blades of the turbine 20 which in turn 
turns the propeller 24 , propelling the torpedo through 

10. the water. The energy liberated by the steam in 
driving the turbine results in the temperature of 
the steam being lowered. This steam is conveyed 
to the condenser 26 which converts it to water, which 
is then recycled to the heat exchanger. Since no 

15. excess water is produced, this water from the turbine 
is simply recycled through the system. 

The engine operation is based on obtaining 
heat energy through chemical reactions to provide 
steam at an elevated temperature and pressure for 

20. use in driving the turbine 20 in order to provide 
the mechanical power required to turn the propeller 
24. The fuel preferably is a solid metallic material, 
which upon reacting with water, will produce hydrogen 
and heat. Metals such as sodium, magnesium, lithium, 

25. aluminium and mixtures of these are typically used. 
Preferably, an equal molar mixture of aluminium 
and lithium is used. 

These metals are highly reactive materials 
which will produce the hydrogen and heat and, if 

30. there is any oxygen present, will immediately result 
in the reaction of hydrogen and oxygen to produce 
water with explosive force. Consequently, the first 


-9- 


0189659 


5. 


10. 


20. 


reactl n chamber 12 is sealed so that no oxygen 
will enter this chamber when the water is reacting 
with the fuel 

The following formulae illustrate the 
chemical reactions occurring: 

(1) Li + Al + 2H 2 0 2H 2 + LiAl0 2 + 

4302 BTU (4539kJ)..(l) 

(2) 2H 2 + 0 2 -» 2H 2 0 + 5775 BTU (6093kJ) . . (2 ) 


The following is an analysis of the heat 
release based upon one pound (0.454kg) of water 
used in the first reaction chamber 12. To start 
the reaction, the lithium must first be melted using 
15 . a high heat release source such as a mono-propellant 
Upon injection of the water, the following reaction 
will take place: 


2 Li + 2H 2 0 -> H 2 + 2 LiOH + 3633 BTU (3833kJ) . . ( 3 ) 


The liberation of heat resulting from 
the reaction of water with lithium will melt the 
aluminium and will provide a molten bath of aluminium 
and lithium. By controlling the rate at which water 

25. is introduced into the first reaction chamber 12, 

it is possible to control the temperature. Assuming 
that the water is controlled so that the temperature 
of the reaction is 1400°P (760°C) an analysis of 
the heat produced is as follows: 

30 - In accordance with Equation 1, one pound 

(0.454kg) of water will react with 0.193 pound (0.0875 kg) 
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of lithium and 0.749 pound (O.BSOkg) of aluminium 
to provide 0.112 pound (0.0508kg) of hydrogen gas 
and 1.83 pounds (0.830kg) of lithium aluminium oxide 
(LiA10 2 ) plus 8,355 British thermal units (BTU) 
(8815kJ). The lithium aluminium oxide has a melting 
temperature of over 2900°P (1593°C) and is insoluble 
in water. Consequently, it will precipitate in 
the reaction chamber 12. The heat required to raise 
one pound (0.454kg) of water from 60 °F (15.6°C) 
to 1400°P (760°C) at 1,000 PSI (7.03 x 10 5 kg/m 2 ) 
10. is 1,702 BTU (1796 kJ). Thus, the net heat available 
to heat the water to produce steam is 8,355 minus 
1,702 BTU or 6,653 BTU (7019kJ). 

To continue the analysis based upon the 
reactions occurring according to equation 2, the 
15. 0.112 pound (0.0508kg) of hydrogen will react with 
0.888 pound (0.403kg) of oxygen to form 1.0 pound 
(0.454kg) of water plus 5,775 British thermal units 
of heat (6093 kJ). Assuming the oxygen is stored 
cryogenically at -279°P (-173 8 C) and 1,000 psia 
20. (7.03 x 10 5 kg/m 2 ), at least the heat of vaporisation 
can be provided by the exhaust of the steam from 
the turbine 20. This requires 2,934 BTU (3096kJ) 
per pound (0.454kg) of oxygen. Heat required to 
raise 0.888 a pound ( 0. 403kg )tof oxygen to 1,600°P 
25. is 362 BTU U,600-(-279) ] X 0.217 X 0.888. The 
heat required to raise 0.112 pound (0.0508kg) of 
hydrogen from 1400°F (670°C) to 1600°P (871°C) 
is 77 BTU'S (81.2kJ). Thus, the net heat available 
to transfer to the water working fluid in the second 
30 reactor is 5335 BTU (5629kJ) and the total heat 

available to the water working fluid is 11,988 BTUs 
(12648kJ). 
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With th steam temperature f 1600°P (871 °C) at 
100 psia (7.3 x 10 5 kg/m 2 ), 1817 BTUs (1918kJ) are 
required for each pound (0.454kg) of working medium. 
Therefore, the water flow required for heat balance 
is 11,988 divided by 1,817 or 6.60 pounds (2.994 kg). 

5. When the one pound (0.454 kg) of steam formed by 

the hydrogen/oxygen reaction in the second reactor 
is added to this value, the total steam flow to 
the power conversion expanding is 7.60 pounds (3.447kg) 
at 1600°P (871°C) at 1,000 psia (7.3 x 10 5 kg/m 2 ). 

10 « The total heat added from both reactions 

is thus 1,817 X 7.6 or 13,803 BTD (14,563kJ). Since 
one pound (.0454kg) of water used for reaction in 
the first reactor is returned to the water storage 
vessel, the thermal energy available per pound of 

15. reactants used in terms of kilowatt hours per pounds 
(KW-Hr/Lb) is 2.21 (4.87 kW-HrAg). In terms of kilo 
watt hour per cubic foot of fuel, the thermal energy 
per cubic foot of reactants is 180 (6357 kw-Hr/ra 3 ). 

The above analysis has been provided simply 

20. for illustration purposes and other steam temperatures 
and pressures may be selected dependent upon different 
application requirements . 


25. 
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CLAIMSt 

1. A reaction system for a closed energy 
supply system in which a fuel is reacted in order 
to release energy, characterised in that the fuel 
(14) is composed of substantially equal molar quantities 
of metallic lithium and metallic aluminium and is 
5. reacted with water to produce hydrogen and to liberate 
heat, the hydrogen then being reacted with oxygen 
to produce water in the form of steam in an amount 
equal to the water consumed in the reaction with the 
fuel. 

10. 

2. A system as claimed in Claim 1 characterised 
in that the fuel is reacted with the water in a first 
chamber (12), the hydrogen is reacted with the oxygen 

in a second chamber (16), and steam produced by the 
15. reaction in the second chamber (16) is condensed (26) 
ana recycled (34) to the first chamber (12). 

3. A system as claimed in Claim 2 characterised 
in that a portion of the condensed steam is reacted 

20. with the fuel (14) in the first chamber (12) and the 
remainder is heated by the heat of the reaction in 
the first chamber (12) prior to being conveyed to 
the second chamber (16) as steam. 

25. 4. A system as claimed in Claim 3 characterised 

in that the hydrogen and oxygen react in the second 
chamber (16) to produce superheated steam which is 
partially quenched by the steam produced following 
heat exchange (30) with the first chamber (12). 


30. 
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5. A system as claimed in any of Claims 
2 t 4 characters d in that the steam from the second 
chamber (16) is used to drive a mechanical power converter 
(20), prior to its condensation (26). 

5 ' 6. A system as claimed in any of Claims 

2 to 5 characterised in that the first chamber (12) 
defines a fuel-holding cavity having an inlet with 
water injection means (32), an outlet with a filter 
(40) allowing free passage of hydrogen and heat exchange 
means (30) for heat transfer from the fuel (14). 


10 


15. 


8. A system as claimed in any preceding 
claim characterised by valve means (38,40) for controlling 
the flow of fluids within the system. 


9. A system as claimed in Claim 5 or either 

of Claims 6 and 7 when dependent upon Claim 5, characterised 
in that the mechanical power converter is a steam 
20. turbine (20) and the system as a whole constitutes 
a propulsion unit for an underwater vehicle. 

10. A method of propelling an underwater 
vehicle by means of a closed energy supply system 

25. in which fuel is reacted to release energy, characterised 
by the steps of reacting water with a fuel composed 
essentially of equal molar quantities of metallic 
lithium and metallic aluminium to produce hydrogen 
and to liberate heat; using the heat produced to vaporise 

JO. water to steam; reacting oxygen with the hydrogen 
produced to maintain combustion producing water as 
superheated steam in an amount equal to the water 
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consumed in the reaction with the fuel; using the 
steam produced from the reaction of the fuel to quench 
partially the superheated steam; driving a 'mechanical 
power converter to produce shaft power from the tempered 
steam and exhausting the spent steam; and condensing 
the spent steam to water which is recycled* 
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